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No-tillage production of crops has developed and become
widespread since the late 1950/s. No-till is dependent upon
the use of broad spectrum herbicides to kill weeds already
growing at planting time. Until recently, this has almost
exclusively been paraquat (1,1'-dimethy1-4,4/-bipyridinium
ion). Glyphosate [N-(phosphonomethyl)glycine] is a new
herbicide which has great potential for use in no-tillage
production.
Soybeans (Glycine max L.) were planted in the stubble
after wheat (Triticum aestivum L.) was harvested. Al! plots
received applications of the residual herbicides alachlor
[2-chioro-2/ ,6 / -diethyl-N-(methoxymethyl)acetanilide] and
linuron [3-(3,4-dichlorophenv1)-1-methoxy-1-methylurea].
Each plot also received either paraquat or glyphosate or was
designated as a check. Glyphosate was appiied at three
different volumes and paraquat at only one volume. All mix-
tures were applied at two spraying pressures. Applications
were made to areas where straw was undisturbed after
combining and to areas where the straw had been removed.
Ratings taken 10 days and six weeks after herbicide
application indicate that glyphosate performs as well as or
better than paraquat. The ratings also indicate that
v
glyphosate performs as well at 187 L/ha as it does at
574 L/ha. Spraying pressure and removal of straw seem to
have little effect on the degree of weed control.
INTRODUCTION
In the late 1950's work began on the development of
no-tillage crop production. Kentucky became an early
leader in no-till work and by 1974 there were approximately
222,582 hectares of no-till produced grain in the state
(14). No-till cropping is a practice well adapted to many
areas and perhaps especially so in Kentucky due to an
abundance of sloping land (6,14,31).
Weed control, an important yield influencing factor
(7,29), is possibly a little more difficult under no-till
conditions than under conventional tillage practices.
Weed control in no-till operations is limited mainly to
chemical methods. The buildup of plant residues on the
soil surface that is beneficial fcr erosion control and
moisture retention is sometimes a negative factor for
herbicide effectiveness. Robinson and Wittmus (34) felt
that surface residues intercepted herbicides and reduced
weed control. Erbach and Lovely (12) felt that plant
residues reduced control only at reduced herbicide rates
And with marginal rainfall.
The herbicides used in a no-till operation are gener-
illy a broad spectrum material to kill existing vegetation
plus one or more residual materials. At present, paraquat
1
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is the only such material recommended for no-till use in
Kentucky (15). Although not generally considered a selec-
tive herbicide, paraquat has been used to reduce the numbers
of annual weeds in perennial pastures (21) and in establish-
ing pastures under no-till type conditions (22). Linscott,
Akhavein, and Hagin (24) indicated that paraquat reduced the
regenerative capacity of quackgrass [Aqropyror repens (L.)
Beauv.] rhizomes when applied to the foliage. However, it
is usually not effective enough on perennials to do the
Job desired in production agriculture.
Glyphosate, a relatively nonselective broad spectrum
herbicide, was introduced in 1971 (3). This foliar-applied
material is effective on annual, biennial, and perennial
species and has great potential for use in no-till opera-
tions. Johnson (20) found that glyphosate could be used to
control winter annual weeds in dormant bermudagrass [Cynodon 
dactylon (L.) Pers. 'Common']. Parochetti, Wilson, and
Burt (30) found that glyphosate gave good control of both
foliar and rhizome portions of johnsongrass [Sorghum 
halepense (L.) Pers.]. Zandstra, Teo, and Nishimoto (38)
indicated that glyphosate is effective in reducing the
growth of purple nutsedge (Cyperus rotundus L.). Other
tests have indicated that it is not toxic to ungerminated
seeds (5).
Volume of application of a herbicide is generally
studied separately with each material. However, in no-till
higher volumes (about 374 L/ha) are recommended to get more
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uniform coverage of the treated area (14). Studies have
indicated that many factors such as herbicide concentration
and herbicide formulation have an influence on the appro-
priate volume of application for herbicides (4,16,26,27).
Sprayer operating pressures are generally left up to
the operator. But this can also be a factor in achievement
of weed control since pressure changes can affect droplet
size. It has been evidenced that smaller droplets tend
to increase the percentage of weed control (25).
This study was undertaken to evaluate the suitability
and effectiveness of glyphosate for use in the production of
no-till double crop soybeans. The effects of volume and
pressure of application and of the presence of straw were
also studied.
REVIEW OF LITERATURE
Development and Growth of No-till
During the late 1950's developmental work was
beginning on the concept of no-tillage production of crops.
Kentucky became a pioneer in its development and use.
At the time the University of Kentucky issued its 1974
no-till recommendations, approximately 222,582 hectares
of grain were being produced in the state by no-till methods
(14). No-till became a widespread and accepted practice
in Kentucky due, in part, to its adaptibility to the sloping,
medium textured soils which are subject to high erosion
hazards under conventional tillage practices (6). Among the
other reasons for the popularity of no-till cropping are
reduced costs and labor demands, speeding up of operations
at critical times, and conservation of avail3ble soil
moisture (6,14,31).
Camper, Genter, and Loope (9) stated that in Virginia,
soybeans grown for grain were a more dependable crop in
terms of both yield and quality when planted after barley
(Hordeum vulgare L.) than were either corn (Zea mays L.
or grain sorghum (Sorghum vulgare L.). Double cropping
soybeans after small grain is one of the most widespread
uses of no-till in western Kentucky. It is used to gain
4
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extra income from the land at reduced costs (9) and to
speed planting.
Special Weed Control Problems in No-till
Weed control is an important part of any cropping
system. This is evidenced by the findings of Nave and Wax
(79) that weed free soybeans produced 25% more beans per
plant than did those infested with weeds. Burnside (7)
concluded that weed competition was a major factor contrib-
uting to soybean yield loss. He found that weeds could
reduce yields by as much as 53% in noncultivated plots when
compared to weed free plots.
Where the no-till system is used, weed control is
limited primarily to the use of chemical herbicides. The
buildup of plant residues on the soil surface, wIch is
beneficial in erosion control and moisture retention, is
usually considered a negative factor from the weed control
standpoint. Robinson and Wittmus (34) stated that a
clean-tilled field and soil incorporation are necessary for
optimum weed control with herbicides. They further stated
that weed control in minimally tilled corn and sorghum has
been a problem because plant residues on the surface inter-
cept the herbicides. However, they felt that herbicides
can be successfully used in no-till or minimal tillage
situations. Erbach and Lovely (11) found that corn plant
residue on the surface had no effect on weed control with
atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)-s-
triazine] or alachlor used at recommended rates. They felt
6
that with reduced herbicide rates the plant residue levels
can affect weed control if rainfall is marginal or lacking.
Even if plant residues do not tie up herbicides, it is felt
that they present some problem in dispersal of herbicides
(14).
Residual herbicides are used to control weed seedlings
that germinate after the crop has been planted. Generally
their period of effectiveness lasts only a few weeks.
No-till is limited to those herbicides which do not have to
be incorporated into the soil. Most of the residual herbi-
cides that are used in no-till cropping have only limited
effects on weeds already established at planting time.
Since it is desirable to give the crop all possible advan-
tages, herbicides are needed which will destroy existing
vegetation but not harm the crop as it emerges and grows.
Paraquat
For several years, paraquat has been the primary herbi-
cide used to kill existing vegetation where no-till was
practiced. It is the only material recommended for this
purpose in Kentucky (15). Paraquat was first discovered to
have herbicidal activity durina the mid-1950Is (2), and it
WdS first used commercially in 1966 (37). It is commonly
used as a broad spectrum herbicide that is applied to the
foliage of the target plants.
There also has been some use of paraquat as a selective
herbicide. Among the early field tests of paraquat was one
7
in which Kay (21) found that it woulo successfully control
annual weeds in permanent pastures of subclover (Trifolium 
subterraneum L.), rose clover (T. hirtum ATI.), and harding-
grass [Phalaris tuberosa L. var. stenoptera (Hack.) Hitch]
without permanent damage to the perennial crops. Kay and
Owen (22) found that paraquat aided in establishment of
perennial pasture plants with no-till type methods where the
ground was too rough or too steep for conventional seedbed
preparation.
Linscott, Akhavein, and Hagin (24) indicated that
paraquat could have some possibilities for control of
perennial weeds. They found that either paraquat or discing
would control yellow nutsedge (Cyperus esculentus L.) for
about one month. When paraquat was applied one day and the
area disced the next, nutsedge was controlled for two months.
Much less control was obtained the second year when nutsedge
plants were only 5 cm tall when sprayed. The previous year
they had been 10 cm tall. They also found that paraquat
effectively controlled annual weeds.
Akhavein and Linscott (1) stated that applications of
paraquat were more effective on guackgrass, a perennial,
if the plants were near maturity. They postulated that more
leaf surface area retained and absorbed more paraquat and
thus allowed more to be transported to the rhizomes. It was
also postulated that paraquat, or a toxic metabolite, was
moved to underground parts of plants kept in the dark.
Various opinions exist about the possible mode of
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action of paraquat and its movements within the plant. It
is widely agreed that light is a critical factor in para-
quat's performance (1,2,18,24). Akhavein and Linscott (1)
found that quackgrass treated with paraquat and kept in the
dark for 24 hours was still turgid and had no signs of
injury. Hogue and Warren (18) also found little injury if
plants were kept in the dark after spraying. It has been
noted, however, that after long enough duration paraquat
does cause some plant damage in dark conditions (2).
Since light is important to paraquat's action, it is
usually assumed that the photosynthetic cycle is the area
of its activity. But the precise site of operation is
somewhat speculative. It has been demonstrated that para-
quat is reduced to a free radical in the presence of light.
But the necessity of having oxygen present for plant killing
action indicates that the tree radical itself is not the
primary toxicant (2). It is also known that in some plants
a Hill reaction inhibitor will protect the plant from
paraquat injury (2,18) making it appear that this is not
its active site. It is possible that upon autoxidation of
the free radical back to the paraquat ion either an 0H
radical or H202 is formed and this product is the primary
toxicant. Translocation of paraquat within the plant is
known (1,2), but it does not seem to be of great importance
in the field use of paraquat because the destruction of
plant tissue becomes apparent after only a few hours and
often only affects the part of the plant contacted by the
9
spray.
Paraquat is generally believed to have no significant
soil activity. Knight and Tomlinson (23) concluded that
the paraquat ion is tied up in the soil primarily by adsorp-
tion to clay particles. Various types of clay have differ-
ent adsorptive capacities. Due to this soil inactivation,
paraquat causes few residue problems. However, Kay and Owen
(22) indicated that some paraquat could remain on dead plant
residues and prolong the pe-iod of effect.
There is no evidence of biological degradation of para-
quat by higher plants (13). Photodecomposition of paraquat
does occur (2). Microbial decomposition of paraquat is
believed possible but has not been proven to occur (17).
Glyphosate
Glyphosate is a relatively new herbicide. It was first
publicly introduced in 1971 (3). It is a broad spectrum
herbicide having effects on annual, biennial, and perennial
species of plants when applied to their foliage. It has a
great potential for use in many weed control programs,
including no-till operations. It is relatively nonselective.
Johnson (20) found thad glyphosate could be used to control
the weeds present in dormant bermudagrass. Putnam (32)
found that glyphosate applied to suckers on fruit trees was
not translocated out of the sucker. Likewise, glyphosate
applied to one branch of the tree did not move into other
parts of that tree but did move within that branch.
10
Rioux, Bandeen, and Anderson (33) found that one day
after application of glyphosate to quackgrass enough
glyphosate had been absorbed to affect regrowth. And after
two days, enough had been moved into the rhizomes to affect
their regenerative capacity. Baur and Bovey (5), working
with sorghum [Sorghum bicolor (L.) Moench] and using several
herbicides, found varying lengths of exposure time needed
for plants to absorb damaging quantities of herbicide.
Sorghum plants were found to need 30 minutes of exposure to
paraquat before it was washed off to cause maximum phyto-
toxicity. Glyphosate seemed resistant to washing. It
showed a rather constant action regardless of time of
exposure.
Parochetti, Wilson, and Burt (30) indicated that in
greenhouse studies control of both johnsongrass foliage
and rhizomes was better with glyphosate than with daiapon
(2,2'-dichloropropionic acid). The degree of foliage
control obtained with glyphosate at 0.56 kg/ha was as good
as that obtained at 2.24 kg/ha, but response was s!ower at
the lower rates. Field studies showed good control at three
weeks after application, but less control at eight and 11
weeks. They felt that poorer control at the later ratings
was probably due to germination of previously dormant
rhizomes.
Zandstra, Teo, and Nishimoto (38) found that glyphosate
reduced the fresh weight of purple nutsedge leaves and the
number of sprouts produced from the original tuber!-_, new
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tubers, and basal bulbs. In field studies, a single appli-
cation of glyphosate reduceri the nutsedge stand. Second and
third applications further reduced the nutsedge stand but
did not eliminate it.
They also examined nonsprouting tubers and found
necrotic areas. They interpreted this to be evidence of
glyphosate translocation. Several other researchers have
found some necrosis of underground parts of treated plants
(10,30,33). Claus and Behrens (10) found that glyphosate
reduced rhizome bud survival in quackgrass and that larger
rhizomes had better rates of survival than smaller ones.
They also found that the highest glyphosate concentrations
in rhizomes were in the tips and the lowest concentrations
near the mother shoot.
Glyphosate seems toxic only to actively growing plants.
Tests have indicated that it has little effect on ungermi-
nated seeds of wheat, sorghum, or cowpea [Vigna unquiculata 
(L.) Walp.] (5). Little or no glyphosate is absorbed by
plants growing in treated soil, but it is absorbed from
nutrient solutions by plants (35). It appears that gly-
phosate is in some way rapidly inactivated in the soil.
Sprankle, Meggit, and Penner (36) proposed that this might
be by adsorption to clay or organic matter compone -  of the
soil. It was felt that the glyphosate could be bonding to
soil particles through the phosphonic acid portion of the
molecule since it competed with phosphates for bonding sites
and increased adsorption occurred when Al+++ and Fe+++ were
12
present. They also indicated that the rapid inactivation by
soil binding was likely followed by a microbial degradation
of the glyphosate.
The mode of action of glyphosate is not yet well under-
stood. Jaworski (19) indicated that in Lemna qibba and
Rhizobium japonicum the possible mode of action was through
an inhibition in the aromatic amino acid biosynthetic path-
way. Campbell, Evans, and Reed (8), using electron micro-
graph techniques, noted several changes in the mesophyll
cells of quackarass. Twenty-four hours after treatment with
glyphosate there were no visible effects, but the electron
micrographs showed moderate to severe chloroplast disrup-
tions. They also found that higher rates caused more damage.
At 192 hours after treatment, the mitochondria had swelled
and the christae were disrupted. There was further chloro-
plast damage and a reduction in the number of starch grains.
It was noted that many of the things observed after gly-
phosate treatment resembled the occurrences of normal senes-
cence. It was felt that glyphosate might enhance senescence
processes by altering membrane permeability.
Volume
Volume of application of herbicides is an area of study
closely connected with each individual material and method
of application. In no-till, higher volumes (about 374 L/ha)
are commonly used to get more uniform herbicide application
(14). Studies have indicated that the optimum volume for
foliar applied materials may vary due to many factors.
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McWhorter (26) working with volumes of 93.5 to 1,496
L/ha found that the higher volumes reduced the effective-
ness of dalapon. Possibly this was due to a part of the
herbicide running off the plant onto the ground. McWhorter
(27) found that with DSMA (disodium methanearsonate) the use
a surfactant affected the volume necessary for best control.
Hamilton (16) also indicated that the volume used should be
sufficient for coverage of the foliage but not great enough
for runoff. He also indicated that the herbicide solution
should not be too diluted. Barzee and Stroube (4) found that
not all herbicides respond alike to volume of application.
Spraying Pressure
Sprayer operating pressure is a factor that seems to
have been left primarily up to the sprayer operator.
Pressure is often varied to get the desired volume or to
reduce possibilities of drift (28). Spraying pressure is
related to droplet size and tnere is evidence that smaller
droplets can cause more plant damage in low volume applica-
tions than do larger droplets (11). McKinlay, Brandt,
Morse, and Ashford (25) also found that smaller droplets
caused more total plant damage due tr, better coverage,
whereas the localized effects of larger droplets reduced
total plant damage.
MATERIALS AND METHODS
Experiments were conducted during the summers of 1975
and 1976 on the Western Kentucky University farm at Bowling
Green, Kentucky. Work was conducted on a Pembroke silty
clay loam, but at a slightly different location each year.
Plot areas for each year were plowed, fertilizer appplied,
and seeded to wheat the previous fall. In June of each year
the wheat was harvested and plots established.
Treatments were arranged in a split-plot design with
tour replication-;. Each main plot contained 10 two-row
subplots. Subplots were 1.83 m by 12.2 m in 1975 and 1.83 m
by 7.62 m in 1976. Main plot treatments were straw present
(straw undisturbed after combining) and straw removed (loose
straw raked off). The combine was not equipped with a straw
chopper. Soybeans, variety 'York', were then planted in the
standing stubble using a no-till planter. In 1975, soybeans
were planted and herbicides applied on June 28. In 1976,the
soybeans were planted on June 21, and the herbicides applied
on June 22. Herbicides were commercially available formula-
tions. Each year untreated areas were left within the
experimental area to serve as a basis for rating the plots.
All treated areas received alachlor at 2.8 kg/ha plus
linuron at 0.56 kg/ha as the residual herbicides. They were
14
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applied as tank mixes with the other materials received by
each subplot. The subplots received either 0.56 kg/ha of
paraquat in a volume of 374 L/ha or 3.00 kg/ha of glyphosate
in one of three volumes; 187, 280, or 374 L/ha. Other sub-
plots received only the residual materials and were desig-
nated as check plots. A non-ionic surfactant was used with
paraquat at 0.5% of the total volume. Each of the herbicide
mixtures was applied at both 2.11 kg/cm2 and 2.81 kg/cm2
spraying pressures with a CO2 powered, hand held sprayer.
The percentage of weed control was visually estimated
10 days and six weeks after herbicide application to deter-
mine the initial and residual effects of the treatments.
The untreated areas were considered as 0% weed control.
When johnsongrass was present, it was included in the total
weed control rating but was excluded from another rating
which considered all other weeds present.
Standara analysis of variance was conducted and means
were separated by the Duncan's multiple range test.
RESULTS AND DISCUSSION
Initial Activities
In both 1975 and 1976 when the plots were rated 10 days
after herbicide application and with johnsongrass not being
considered (Table 1), there was no significant difference in
the effectiveness of glyphosate and paraquat in controlling
vegetation present at the time of herbicide application.
Both materials were significantly better than the check.
Some rhizomatous johnsongrass was present in the experi-
mental area in 1975. Therefore, a second rating was made
10 days after application (Table 2) which included johnson-
grass with all the other weeds present. This rating showed
glyphosate to be significantly better than paraquat, and
both were significantly better than the check.
Paraquat performed much as expected. It did an excel-
lent job of destroying the annual weeds present, and it
greatly reduced the topgrowth of bigroot morningglory
[lbomoea pandurata (L.) G.F.W. Mey] which was present in
parts of the plots in 1975. Paraquat appeared to cause
only slight damage to the johnsongrass present at the time
it was applied.
Glyphosate also performed well in controlling annual






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































regrowth of the bigroot morningglory where glyphosate was
used. Glyphosate also did an acceptable job of controlling
the rhizomatous johnsongrass present in the 1975 plot area.
This is a bit unexpected since the wheat had been cut only
two or three days prior to herbicide application and the
remaining johnsongrass stubble was only about 10 to 15 cm
tall. Rhizomatous johnsongrass and bigroot morningglory
were not present in the 1976 plot area.
Residual Activities
In 1975 the six-week ratings showed the same differ-
ences as did the 10-day ratings. Indications were that
after the existing vegetation had been destroyed, the
residual herbicides supressed further weed growth. There
was relatively little development of johnsongrass in those
subplots treated with glyphosate.
Results were somewhat different at the six-week rating
in 1976. When johnsongrass was not considered in the rat-
ings, there were no significant differences between the
treatments, including the check (Table 1). Probably the
best explanation for this is the low density of the weed
population in the experimental area at planting time. This
sparsity of weeds was likely encouraged by a moderately good
stand of wheat ( its grain yield was 2,300 kg/ha) and a
dense stand of rhizomatous johnsongrass the previous year.
This dense stand of johnsongrass had been treated with
glyphosate in August of 1975 and, as previously mentioned,
20
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was no problem in 1976.
When johnsongrass was considered in the ratings, only
glyphosate at 187 L/ha was significantly better than para-
quat. Glyphosate at 187 and 374 L/ha were better than the
check. Other treatments were not significantly different
from the check (Table 2). The low number of weeds at plant-
ing time could be part of the reason for the few differences
found. However, the major portion of weed growth at this
rating was seedling johnsongrass which germinated after
herbicide application. It is possible that alachlor con-
trolled seedlina johnsongrass in 1975 and did not in 1976
due to differing rainfall patterns (Table 3) or to differing
amounts of wheat stubble and straw remaining after threshing.
Heavier rainfall in 1976 could have leached the alachlor
below the germinating seedlings. Also, straw cover and
stubble was moderate to heavy in 1976, whereas it was ex-
tremely light in 1975 because a hailstorm had severely dam-
aged the wheat in late April as it was heading. The heavier
plant residue cover could have kept the alachlor off the
soil and made it useless.
One possible reason that the 187 L/ha glyphosate
tr,-atment did better is that it used a sufficiently low
ai_lication volume to allow part of the herbicide to adhere
to the straw cover. This material might then come into
contact with later germinating seedlings and injure or kill
some of them. A similar possibility was presented by Kay
and Owen (22). They indicated that paraquat could remain on
21
Table 3. Rainfall summary for 1975 and 1976 at
Western Kentucky University farm.
the
1975 1976
Time period (cm) (cm)
May 15-31 5.77 7.37
June 1-15 4.47 5.16
June 16-30 0.97 7.04
July 1-15 0.03 5.69
July 16-31 6.02 9.86
Aug. 1-15 3.48 1.35
Aug. 16-31 4.65 2.77
Total 25.39 39.24
22
surface residue and provide some continuing control of ger-
minating weed seedlings. The soybean seedlings would not be
affected as much as the weeds since the planter destroyed a
narrow band of stubble directly over the row.
There is little other indication within the data that
volume of application affects the performance of glyphosate.
Paraquat and check mixtures were applied only at the 374
L/ha volume recommended for use in no-till cropping (14).
Pressure
An increase in the effectiveness of herbicides has been
reported with a decrease in droplet size (11,25). Also, it
is known that higher pressures reduce droplet size (28).
Therefore, the possibility exists that a higher spraying
pressure would produce better weed control. It was also
felt that a higher pressure might penetrate the surface
residues better. The data (Tables 4 and 5) do not show any
significant differences in weed control at spraying pres-
sures of 2.11 kg/cm2 and 2.81 kg/cm2.
Straw Presence
It was felt that removal ot the straw would allow more
of the herbicides to hit the growing weeds and the soil sur-
face, thus improving the herbicide's effectiveness. With
one exception, all ratings taken on the plots in both 1975
and 1976 indicated that it made little difference whether or
not straw was removed after threshing. The exception was




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































(Table 5). This rating indicated that leaving the straw in
place after combining improved weed control. It is possible
that the mulching effect of the straw may have helped in
controlling weeds. In 1975, straw cover was so light that
it would not have had a substantial mulching effect. Since
the total control rating (johnsongrass included) taken at
the same time does not show any significance, it appears
that johnsongrass was not affected by the straw on the soil
surface.
General Observations
This study indicates that paraquat and glyphosate per-
form almost equally well in double cropped soybeans where
the weed problem consists of annual species. There were
indications that glyphosate had some activity on rhizomatous
johnsongrass when applied to johnsongrass stubble approxi-
mately 10 to 15 cm tall. This could open up areas now
infested with johnsongrass to no-till double cropping and
should be further investigated. The removal of small grain
straw before planting a second crop does not seem to greatly
affect weed control. Neither of the pressures tested pro-
vided better weed control than the other; so it may be best
to use the lower pressure to reduce the possibility of spray
drift. If further testing proves that glyphosate at 187
L/ha is practical for use in no-till, commercial producers
may prefer it to paraquat since they would need to handle




Table 1. Analysis of variance of the 1975 10-day total
weed control rating.
Source of
variation df SS MS
Total 79 75,291.40
Replications 3 716.80 238.93 1.30
Straw
presence 1 62.57 62.57 0.34
Error (a) 3 549.90 183.30
Subplot
treatments 9 66,680.86 7,408.98 59.37**
Pressure (1) (18.29) 18.29 0.15
Herbicide
and volume (4) (66,563.30) 16,640.83 133.36**
Pressure x
herbicide
and volume (4) (99.27) 24.82 0.20
Subplots x
straw
presence 9 542.92 60.32 0.48
Error (b) 54 6,738.35 124.78
**Significant at the 1% level.
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Table 2. Analysis of variance of the 1975
non-johnsongrass weed control rating.
10-day
Source of
variation df SS MS F
Total 79 68,548.56
Replications 3 574.58 191.53 1.37
Straw
presence 1 11.06 11.06 0.08
Error (a) 3 419.89 139.96
Subplot
treatments 9 60,637.93 6,737.55 57.39**
Pressure (1) (57.38) 57.38 0.49
Herbicide
and volume (4) (60,380.31) 15,095.08 128.59**
Pressure x
herbicide
and volume (4) (200.25) 50.06 0.43
Subplots x
straw
presence 9 565.87 62.87 0.54
Error (b) 54 6,339.24 117.39
**Significant at the 1% level.
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Table 3. Analysis of variance of the 1975 6-week total
weed control rating.
Source of
variation df SS MS
Total 79 82,629.39
Replications 3 431.23 143.74 1.04
Straw
presence 1 0.61 0.61 0.00
Error (a) 3 414.33 138.11
Subplot
treatments 9 76,238.66 8,470.96 92.59**
Pressure (1) (3.60) 3.60 0.04
Herbicide
and volume (4) (75,849.38) 18,962.35 207.27**
Pressure x
herbicide
and volume (4) (385.68) 96.42 1.05
Subplots x
straw
presence 9 604.34 67.15 0.73
Error (b) 54 4,940.22 91.49
**Significant at the 1% level.
30
Table 4. Analysis of variance of the 1975
non-johnsongrass weed control rating.
6-week
Source of
variation df SS MS
Total 79 61,043.11
Replications 3 1,277.33 425.78 2.69
Straw
presence 1 272.51 272.51 1.72
Error (a) 3 475.45 158.48
Subplot
treatments 9 50,090.18 5,565.58 37.35**
Pressure (1) (4.86) 4.86 0.03
Herbicide
and volume (4) (49,842.78) 12,460.69 83.62**
Pressure x
herbicide
and volume (4) (242.55) 60.64 0.41
Subplots x
straw
presence 9 880.68 97.85 0.66
Error (b) 54 8,046.96 149.02








variation dl SS MS
To -ta I 79 136.98
Replications 3 39.27 13.09 2.55
Straw
presence 1 6.06 6.06 1.18
Error (a) 3 15.41 5.14
Subplot
treatments 9 11.73 1.30 1.32
Pressure (1) (0.02) 0.02 0.02
Herbicide
and volume (4) (11.50) 2.87 2.92*
Pressure x
herbicide
and volume (4) (0.21) 0.05 0.05
Subplots x
straw
presence 9 11.29 1.25 1.27
Error (b) 54 53.23 0.99






of variance of the 1976 6-week total
Source of
variation df SS MS
Total 79 9,072.69
Replications 3 1,086.74 362.25 4.04
Straw
presence 1 300.31 300.31 1.12
Error (a) 3 807.94 269.31
Subplot
treatments 9 1,416.31 157.37 1.82
Pressure (1) (70.31) 70.31 0.81
Herbicide
and volume (4) (941.88) 235.47 2.73*
Pressure x
herbicide
and volume (4) (404.13) 101.03 1.17
Subplots x
straw
presence 9 800.32 88.92 1.03
Error (b) 54 4,661.07 86.32
*Significant at the 5% level.
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Table 7. Analysis of variance of the 1976 6-week
non-johnsongrass weed control rating.
Source of
variation df SS MS
Total 79 1,649.95
Replications 3 107.25 35.75 10.41*
Straw
presence 1 64.80 64.80 18.87*
Error (a) 3 10.30 3.43
Subplot
treatments 9 159.95 17.77 0.80
Pressure (1) (2.45) 2.45 0.11
Herbicide
and volume (4) (10.08) 2.52 0.11
Pressure x
herbicide
and volume (4) (147.43) 36.86 1.67
Subplots x
straw
presence 9 114.20 12.69 0.57
Error (b) 54 1,193.45 22.10
*Significant at the 5% level.
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